Official data revealed elevated sex ratios at birth in Armenia (117), Azerbaijan (116) 
In a landmark 1990 essay in the New York Review of Books, Nobel laureate Amartya Sen estimated that the number of women and girls in Asia was at least 100 million lower than expected, and suggested that this vast number of "missing" women "tell[s] us, quietly, a terrible story of inequality and neglect leading to the excess mortality of women." 1 Although Sen's interpretation of a gender bias was initially challenged-for example, by the suggestion that hepatitis B was altering the natural sex ratio at birth in parts of Asia 2 -there is now widespread acceptance that the deficit in the number of women is the result of the combination of sexselective abortion (aided by easy access to ultrasonography), infanticide and childhood neglect. 3 Both infanticide and childhood neglect act after birth to alter sex ratios. Only sex-selective abortion, however, can affect the sex ratio at birth. Biologically, the sex ratio at birth is about 105 boys for every 100 girls, an imbalance believed to be an evolutionary response to the elevated probability of death in childhood among boys. 4, 5 The sex ratio at birth is remarkably consistent across countries, with very few exceptions. 6 Five of the exceptions-China, India, Vietnam, Hong Kong and South Korea-have been the subject of detailed and extensive research; [7] [8] [9] other work has looked at specific ethnic groups or subpopulations, such as Asians in the United States. 10 The former Soviet-bloc countries have received much less attention, apart from a study by Meslé and colleagues that suggested a rise in sex ratios at birth in some states of the Caucasus beginning in the mid-1990s. 11 The increases in sex ratios at birth in the Caucasus appear to have coincided with the importation of cheap portable ultrasound machines after the collapse of the Soviet Union. Under Stalin, access to contraceptives and abortion were strictly limited in the Soviet Union as part of an effort to increase the birthrate in a country recovering from the ravages of war and famine. However, the wide-ranging reforms introduced by Khrushchev in 1955 liberalized access to abortion, which soon became available on demand. 12 Although abortions were common in subsequent decades, access to contraceptives was very limited; use of hormonal contraceptives or IUDs was discouraged by most clinicians, and condoms and cervical caps were of questionable quality and in very short supply. 12 The economic liberalization that accompanied the 1991 breakup of the Soviet Union eliminated the supply problems, but considerable financial barriers remain for many women in former Sovietbloc countries. Moreover, prejudices against hormonal contraception persist among health professionals. [13] [14] [15] Consequently, abortion continues to be the main means of limiting fertility in post-Soviet countries, despite a growing antiabortion undercurrent in public and clinical discourse that reflects in part a resurgence of pronatalist policies in some countries. 16 As many abortions are now believed to take place in private facilities (and thus are not included in Taken together, the growing access to new technology and the preliminary evidence of an increasingly imbalanced sex ratio at birth strongly suggest that prenatal sex selection and selective abortion are widespread in some post-Soviet states. These occurrences, if confirmed, would be of considerable human and public health concern.
Yet, caution is required before we reach such conclusions, as the vital registration systems of former Soviet-bloc countries have suffered from the economic crises and state breakdowns that followed the political transition. For example, Georgia began imposing fees for birth and death registration; as a result, many families did not report vital events. 22 Because of such issues, estimates of infant mortality derived from vital registration in post-Soviet countries differ greatly from survey-based estimates. In fact, some authors have theorized that any imbalances in sex ratios are an artifact of inadequate post-Soviet surveillance systems. 23 For example, systematic under-registration of female births may be occurring, perhaps reflecting parents' unwillingness to incur the cost and effort of registration. However, the only previous study on this issue, which focused on Georgia and Armenia, suggested that under-registration of female births is not a plausible explanation.
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One method for testing whether sex-selective abortion may be contributing to imbalanced sex ratios is to examine whether the probability that a newborn child is male differs according to the sex of the parents' other children, an approach developed in India and China through the work of Das Gupta 3 and Jha and colleagues. 24 One can hypothesize that parents who wish for a boy may be willing to let nature take its course for the first birth but, if the resulting child is a girl, seek prenatal sex determination in the subsequent pregnancy. Meslé and colleagues' work, which did not include statistical testing, nonetheless suggested that the major contributor to the extraordinary sex ratios in Georgia and Armenia was the high proportion of males among third-born children. 11 This finding provided support for the hypothesis that sex-selective abortion has been occurring in the Caucasus, although the authors stressed the need for more research, particularly on Azerbaijan, where the sex ratio is extremely high.
In this study, we used recent data from three former Soviet countries to test whether sex ratios at birth differ by birth order. In particular, we compared patterns in Armenia and Azerbaijan, which have both exhibited steep increases in sex ratios at birth, with the pattern in Moldova, which has a normal sex ratio and served as a "control" country. official statistics), it is not possible to ascertain definitively whether rates have increased since the dissolution of the Soviet Union. However, for our present purposes it is not necessary to do so, as it is clear that abortions were already very common before the transition and that they remain so.
A crucial issue for our analysis is women's access to ultrasonography, which is needed to determine the sex of a fetus. Although introduced into clinical practice in the West in the 1970s, ultrasound machines were not widely available in Soviet-bloc countries during most of the Soviet period because of a lack of indigenous manufacturing capacity and because of Western restrictions on the export of technology with potential military uses. The situation began to change in the mid-to-late 1980s, coinciding with glasnost and perestroika; use of diagnostic ultrasound technology expanded rapidly, and by the late 1980s ultrasound was used widely in obstetrics and gynecology departments, as evidenced by a 1988 Ministry of Health order that set working norms for doctors employed in the ultrasound departments of women's health outpatient clinics. 17 According to the document, these clinics, combined, had 3,000 Soviet-made ultrasound machines, 1,000 imported machines and more than 5,000 specialists working in ultrasound diagnostics. The situation changed dramatically after the collapse of the Soviet Union, as advanced medical technology could be imported much more easily; importation was facilitated by donations from abroad, and in particular from each country's diaspora communities.* Males per 100 females *It is important to stress, however, that no direct evidence links these donations with sex selection.
sex ratio increased or remained elevated with increasing birth order in Armenia ( Figure 2 ) and Azerbaijan ( Figure  3 ), but not in Moldova (Figure 4 , page 100). No increases were apparent if the first child was male.
The overall sex ratio at birth in Armenia was 118 (not shown), slightly higher than that calculated from vital reg-
METHODS
The study data were obtained from two sources. We performed two analyses. First, we evaluated trends in sex ratios at birth for 12 former Soviet states to identify countries that may be exhibiting son preference. Second, for the states that had elevated sex ratios at birth (more than 115 boys per 100 girls), we calculated conditional sex ratios-that is, sex ratios at birth according to the number and sex of the mother's previously born children. We present these data using "decision trees" that show the probability of male and female births, and the equivalent sex ratios, for the first two birth orders. We then used these estimates to compare expected and observed sex ratios and to calculate the number of "missing" females in each country. We calculated the expected number of female births by dividing the observed number of male births by the natural birth ratio of 105 male per 100 female births. The difference from the observed number of female births yielded the number of missing females.
RESULTS

Time Trends in Sex Ratios at Birth
Of the 12 post-Soviet states, three-Armenia, Azerbaijan and Georgia-had sex ratios at birth of at least 116 in 2005-2009 (Figure 1 ). These ratios are as high as or higher than those reported in China and India (118 and 111, respectively). 26 In all three of these Caucasus states, sex ratios have risen substantially since the late 1980s. No evidence of a similar phenomenon is apparent in Kazakhstan, Moldova or Ukraine (Figure 1 ), nor in any of the other former Soviet republics (see Web Appendix Figure 1 ), despite the fact that these countries have many characteristics in common with Armenia, Azerbaijan and Georgia.
Conditional Sex Ratios at Birth
According to the Demographic and Health Surveys, the mean number of children ever born to women with at least one birth was 2. 
DISCUSSION
Our study identified several instances in which the sex ratio at birth was considerably different from the naturally expected ratio, and the differences occurred in contexts consistent with use of prenatal sex determination and selective abortion. These observations provide strong evidence that the high sex ratios at birth are real and are not, as has been suggested, an artifact of the data. 23 The proportions of female births in Armenia and Azerbaijan that are "missing" are substantial-about 10%. These analyses are limited by the small size of the Demographic and Health surveys. Thus, we cannot exclude the possibility that the true sex ratio at birth is higher than 105 in more scenarios than we have identified, and that as a result we are underestimating the scale of the problem. A further limitation is the absence of a recent DHS in Georgia, the third country in the region that has had a rapid increase in sex ratio at birth in recent decades.
Are the high sex ratios at birth that we observed attributable to sex-selective abortion? To reach such a conclusion, one must demonstrate the presence of easy access to both ultrasonography and abortion. As we noted earlier, both of these conditions apply to Armenia, Azerbaijan and Georgia. Although abortion has long been widely used in this region as a form of family planning, the context changed in the late 1980s, when the widespread introduction of ultrasonography made prenatal sex determination possible; the availability of this technology coincided with the rapid increase in sex ratio at birth.
Future research is needed to explain why a rapid increase in sex ratio at birth has occurred in Armenia, Azerbaijan and Georgia but not in other former Soviet-bloc countries, all of which have had the technological capacity to follow the same course. One possible explanation is that Azerbaijan and Armenia (but not Moldova) have been involved in so-called frozen wars 27 -protracted, violent ethnic conflicts that have occasionally intensified into prolonged states of insecurity. Such situations, by virtue of their extended nature and the general mobilization they entail, might greatly diminish women's bargaining powers in the public and private spheres, such that men's preference for sons determines couples' reproductive and family planning practices.
Our study has critical implications for family planning in the Caucasus. Although extensive research is needed to understand the mystery of missing female children in the Caucasus, our work provides sufficient evidence to establish the urgency of the issue in these countries and the need to regulate the use of prenatal sex determination. However, this approach has not been successful in lowering the sex ratio in India, 28 which banned sex selection in
2002, suggesting that legislation may be insufficient to address this problem if the regulations are not adequately implemented. Indeed, the most recent data show that the sex ratio imbalance in India has worsened in recent years.
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Reversing the corresponding trend in the Caucasus may prove particularly difficult without a clearer understandistration data. Fifty-eight percent of firstborn children were male, yielding a sex ratio of 138 (Figure 2 ), substantially higher than what would be expected naturally. For second births, the overall sex ratio falls to 109 (not shown); however, if the first child is a daughter, the probability that the second child will be a son is 61%, equivalent to a sex ratio of 156. For third births (not shown), the sex ratio remained abnormal if the first two children were both male (115) or female (141), or if the first was female and the second was male (148). The overall sex ratio at birth in Azerbaijan is 115 (not shown), consistent with data from vital registration. Again, the ratio is already elevated at the first birth: Fifty-three percent of first-born children are sons, equivalent to a sex ratio of 113 (Figure 3 ). If the first child is a boy, the sex ratio for the second birth is normal. However, if the first child is a girl, then the probability that the second child will be a boy remains elevated (sex ratio, 113); if the first two children are girls, the sex ratio at birth for the third child increases further, to 128 (not shown).
As anticipated, we found no evidence of a deviant sex ratio at birth in Moldova. The overall ratio was 107 (not shown), and no significant differences in sex ratio at birth emerged at later birth orders-102 if the first child is a boy and 108 if the first child is a girl.
If the natural sex ratio at birth is 105 males per 100 females, we estimate that in 2010 there would have been 22,828 female births in Armenia and 84,890 in Azerbaijan-1,972 and 8,381 more, respectively, than were actually recorded. This suggests that almost 10% of potential female births in each country did not occur because of sexselective abortion. 
